Abstract. Mature larvae of Sarcophaga argyrostoma fail to form puparia when kept in contact with water, but pupariate after having been subsequently exposed to dryness for 30 hr. They become increasingly more sensitive to injected ecdysone the longer the exposure to dry conditions. A second wet treatment halts the production of hormone that had occurred during the dry period, and reduces a sensitization to injected ecdysone during the intervening dry treatment. Apparently, injected ecdysone had cumulative effects not with the endogenous or exogenous hormone, but with its covert effects which had arisen during the dry period and persisted throughout the second wet period. The hind parts of larvae ligated at the end of a wet period pupariate when injected with either one massive dose of ecdysone, or a far smaller total of several subsequent doses. In the case of two unequal doses, the effect was greater when the smaller dose was injected first. In order to get pupariation with minimal effective doses, a continuous supply of the hormone during a certain period is required. It is suggested that the inhibition of pupariation by moisture has arisen as an adaptation to unfavorable conditions. Ecdysone, the growth and molting hormone of insects, is essential for puparium formation (pupariation) of flies. Prior to this event the titer of the hormone in the whole body increases,I reaching its maximum in the hemolymph at the time of pupariation, and in the fat body and integument a few hours thereafter.2 Fluctuation of the hormonal titer can be a result of two processes-production of the hormone and its turnover. Actually, data on a swift metabolism of ecdysone have been now several times reported,2-5 and the participation of an ecdysonase in moderating its titer has been proposed.4 Data gathered by different investigators point to the conclusion that the ecdysone titer in a mature larva never reaches the level of exogenous eedysone needed to induce pupariation in the Calliphora test. 13 Ohtaki et al. concluded3 that ecdysone in fly larvae is in a highly dynamic state and acts by the accumulation of covert effects within the target organ, finally leading to the overt response (pupariation). This argument would satisfactorily account for the situation mentioned in the last sentence of the paragraph above, but was not supported by direct evidence. Moreover, the experimental data given by these authors can suggest two alternative explanations: (1) the building up and maintenance of the covert effects require the constant presence of ecdy-331
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Results. The fleshfly Sarcophaga argyrostoma (Robineau-Desvoidy) (= S. falculata Pandelle) was used throughout. The technique of ligating and injecting was described by Zdarek and Fraenkel.8 In S. argyrostoma, similarly to S. peregrina,7 pupariation can be prevented by storing the mature larvae in contact with water. This treatment opposes or prevents the activation of the endocrine system.3 This inhibition is released when the larvae are transferred to dry conditions. S. argyrostoma pupariates about 30 hr after this transfer (as against 16-17 hr in S. peregrina). The posterior part fails to pupariate when a ligature is applied less than about 20 hr after the transfer. The critical period was similar when wet-treated unligated larvae were exposed to the dry for different periods, and subsequently returned to water. It required 23 hr of dry treatment for half of the larvae to pupariate when subsequently again placed in contact with water ( Fig. 1) Hours of Exposure to Dryness tion process, for example, by clogging up the spiracles, but with the release of the hormone, and that the second water treatment halts the further production of the hormone.
Summation of effects of endogenous ecdysone: Mature larvae which had left the food were first kept for 5 days in contact with water, and then dry for different periods up to 25 hr. Half of them were ligated immediately after the dry treatment and their hind parts were injected with 0.02 or 0.04 Jg of f3-ecdysone. These doses were subthreshold for inducing pupariation in hind parts ligated immediately after the water treatment ( Fig. 1 and Table 1 ). The other half were returned to the wet for 2 more days after the differential dry treatment. Those which by then had not pupariated were also ligated and injected with the same doses of #-ecdysone. The results are summarized in Fig. 1 . Both groups of larvae became increasingly more sensitive to injected ecdysone the longer they (Expt. 4) . In the case of sequential injection of two doses, the timing of the second dose appeared to be of great importance (Fig. 2) . Two equal doses (0.03 1Ag) of j3-ecdysone were administered in such a way that the first was always injected at the beginning of the dry period, and the second at different intervals (0-48 hr) thereafter. The greatest effects were recorded when the second portion was injected 2-10 hr after the first; after about 18 hr the effect of the second dose was constant at the 20% level. It appears that 0.03 gg of ecdysone of the second injection, which came 2-10 hr after the first, combine with what is still left of the first does to give a high pupariation response, while after about 18 hr the hormone of the first injection has disappeared and the result of the second dose, which gives a pupariation rate of 20%, is due to the covert effents induced in the target organ in consequence of the first injection. was required to produce 50% pupariation. A single injection of 0.12 pug caused only a 16% response, while the same amount divided into three equal doses of 0.04 p"g gave a 100% response. The unligated larvae were, however, somewhat less sensitive, which may have been caused by a faster metabolism of ecdysone in unligated larvae (cf. Karlson and Bode4 ). This possibility was tested in the following experiment, which was a modification of Expt. 5 of transfer to the dry. In another group the first injection immediately preceded ligation after transfer to the dry, and the second was done 16 hr later (Table 3) . Since all larvae received the second dose 16 hr after the first, the final pupariation response reflected the efficacy of the first injection, which was significantly lower when applied during the water treatment. This could have been due to a fast metabolic destruction of ecdysone during wet conditions. In this experiment again, a reversal of the doses, with the larger coming first, led to a much lower pupariation response. Discussion. Present knowledge of the dynamics of ecdysone was based mainly on assays of the hormone titer by the Calliphora test, using laborious extraction procedures.'-4'8"-1 We approached the problem by a somewhat different technique, making use of mature larvae of S. argyrostoma, which under specific wet conditions do not release ecdysone. In this system we attempted to control the ecdysone titer endogenously by manipulating the wet-dry situation, and exogenously by injecting graded doses of ecdysone into test abdomens. The use of finely drawn glass capillaries made it possible to make several injections into a single abdomen without detrimental effect.
Our conclusions rest on two premises: (1) Mature larvae do not release ecdysone when in contact with water. This had already been previously proved by Ohtaki7 and Ohtaki et al. 3 The nature of the mechanism of this inhibition is not known. We have, however, now shown that larvae pupariate even under wet conditions upon injection of eedysone. (2) The water treatment stops the further release of ecdysone, even after release had already begun. This fact was already implicit in Ohtaki's7 experiments, though not emphasized by the author.
Ohtaki et al.A demonstrated an increase in the sensitivity of larvae to exogenous ecdysone with the time of dry exposure, and hence postulated a gradual accumulation of "covert effects" of ecdysone in the target organ in response to repeated subeffective doses. This theory was based on the evidence that the hormone is swiftly metabolized in vivo (independently confirmed by Karlson and Bode4 and Shaaya2; and, less conclusively, by King and Siddall5) and that its titer in the mature larvae is at any time far below the value of the ecdysone unit as established by the Calliphora test. In the present paper we have demonstrated a gradual sensitization by exposure to dry conditions which can persist even through an interim wet period of as long as 48 hr, long enough for the breakdown of any hormone produced during the dry period. These "covert effects" are, however, to a certain extent reversible.
Our results with repeated injections of ecdysone into isolated abdomens are consistent with the above findings and provide more information on the dynamics of the hormonal action. In order to get purpariation with a minimal effective dose, a continuous supply of the hormone for a certain period is required. Not only can the titer of endogenous hormone in the larvae be at any time far below that known as the pupariation unit (upon a single injection), but the total amount of repeatedly injected exogenous doses can be far below those required for a single injection. When the supply of hormone is interrupted after a subcritical amount had been injected, the latent effects, manifested by an increased sensitivity, persist for a considerable time. To complete pupariation, however, a larger total dose is required than if the supply had not been interrupted. Similar conclusions were drawn by Postlethwait and Schneiderman'2 from observations on the induction of metamorphosis by ecdysone in implanted leg imaginal discs of Drosophila. Ecdysone did not act merely as a trigger to metamorphosis but was necessary as a sustained stimulus.
Our results resolve a paradoxical situation in that the ecdysone titer in fly larvae at any time before and during pupariation was far below that determined as a pupariation unit,3 and yet hemolymph injected into suitable test abdomens induced pupariation.13-'5 Obviously, injected hemolymph can have an overt effect only if the abdomens have already been sensitized by subthreshold doses of ecdysone. The failure in the past to use standardized abdomens accounts for the great variability in the magnitude of the pupariation unit of ecdysone.
The greater effectiveness of hormone administration by slow resorption from an appropriate vehicle, for example beeswax or an implanted pellet, and the superior effect of smaller repeated versus single massive doses has been long known in experimental endocrinology. '6 Inhibition of pupariation by moisture can be considered an adaptation to unfavorable situations which may frequently arise. Fleshfly larvae pass their growing period in wet carcasses, but when fully fed leave the food for a drier environment in the soil. Presumably, pupae could not survive excessive moisture, being unable to move and escape drowning, and emerging flies might well find wet soil a barrage impossible to surmount on the way to the surface. Conditions in the soil may well frequently alternate between wet and dry, locally and temporarily. It would be a distinct advantage, on the one hand, for the larva not to turn into the immobile puparium in the wet, but to continue moving until better conditions are found; and on the other, if any temporary sojourn in a dry environment brought the larva a step nearer to pupariation, so that the final transformation is achieved more rapidly.
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